N Jg SoFe doxo
1P Jlo o oled « YA-) Wl

9090 9 (K399 90 S DL Lwlul 3 O 1 50 PUIT 0 S Cuigi) (B 3 (S85 £

Genetic Diversity of some Iranian Sour Cherry Genotypes Based on
Morphological and Molecular Markers
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Table 1. Sour cherry genotypes used in this study and their origins

Ny (’U
Code Name Origin Lo
180 BO LA V180 Tehran ol
181 BO LA V181 Tehran ol
186 BO LA V186 Tehran ol
192 BO HA V192 West Azarbaijan i O y3T
193 BO HA V193 West Azarbaijan s Ol by3T
191 BO HA V191 West Azarbaijan A Olml)3T
239 BO GH V239 Isfahan Olgrsl
282 BO KA V282 Kordestan Olws S
1231 BO DO V1231 Fars oo
1239 BO KA V1239 Kordestan Obws S
1312 Erdi Botermo Hungary Ol ylome
1314 BO ZA V1314 East Azarbaijan S5 Obul)3T
1388 BO GH V1388 Isfahan Olgzsl
1390 BO GH V1390 Isfahan Olgrol
232 BO MO V232 Kerman ol S
1524 BO AH V1524 Kohgiloye va Boyerahmad zb
6442 BO GA V6442 Khorasan Obul =
260 BO TA V260 Alborz 5
284 BO KA V284 Kordestan Olws S
255 BO GH V255 Isfahan Olgrsl
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Table 2. Mean comparison for morphological traits of sour cherry genotypes

k] 5 s T SN 5 s & s b s gl b i K el b By Epdb o SNk dsb L sl gl
(L5s, o 3) o d s (L35, Joms SV &y he L Sz o 3
Genotyp€ Traﬂ1(< nf:riﬁ;netel’ Leaf length to Trunk Petiol Tree height Leaf length to Shoot Leaf Leaf Length of Height of
petiol ratio diameter length (cm) width ratio thickness width length internode first
(mm) (mm) (mm) (mm) (mm) (mm) branch
(cm)
BO LA V181 34.22a 3.89¢gf 38.65bac 3.23a 169bc 2.40ba 5.33bac 5.46a 13.00a 1.13bdc 84.67a
BO WA V193 32.56ba 4.25¢f 40.70a 1.43gefd 193.3ab 1.90bc 3.66ed 3.16fe 6.00efd 1.56bac 77.00ba
BO WA V192 31.61bac 4.86egdfc 41.10a 1.30geth 170bac 1.94bc 4.00edc 3.26fed 6.33efd 1.13bdc 59.00bdac
BO LA V180 30.97bdac 3.07g 37.54bdac 1.26gefth 148.6¢efdc 1.90bc 3.00¢e 2.76fg 5.26f 1.90a 58.00bdc
BO AL V1314 29.06ebdac 4.53egf 33.34ebdacf 1.46cefd 160.6bdc 2.56a 3.8ed 2.00g 6.50cefd 2.20a 61.67bdac
BO KO V284 27.87ebdacf 4.43egf 39.19ba 1.66¢cebd 131.6efd 1.75¢ 4.30bedc 4.33bcd 7.63cbd 1.96a 50.33fbdec
Erdi Botermo 25.98ebdcf 3.51gf 35.91ebdac 2.16b 123.6efg 1.91bc 6.36a 3.86fbecd 7.50chd 1.66ba 42.00fdec
BO SH V1390 25.77ebdcf 8.03a 33.76ebdacf 0.86h 136.6efdc 2.01bac 4.36bedc 2.96feg 6.83cefd 0.93dc 52.33bdec
BO AL V6442 25.77ebdcf 7.83a 32.86ebdacf 0.90gh 93hg 1.73¢ 4.ledc 3.83fbecd 6.83cefd 1.13bdc 66.67bac
BO DA V1524 25.05edcf 6.53bdac 31.13ebdcf 1.16gefth 62.67h 1.80bc 3.50ed 4.00becd 7.33cbd 1.03bdc 37.17fde
BO SH V1231 24.83edcf 7.24ba 34.53ebdacf 1.00gfh 145 3efdc 1.82bc 4.66bdc 3.93becd 7.16cbd 1.06bdc 41.67fdec
BO TL V260 24.59edcf 5.40ebdfc 34.24ebdacf 1.20gefh 140.6¢efdc 1.89bc 5.66ba 3.36fecd 6.40cefd 0.76d 57.00bdc
BO SH V239 23.72edf 6.33ebdac 28.68edgf 1.00gfh 145efdc 2.11bac 3.73ed 3.06feg 6.33efd 1.66ba 65.00bac
BO AP V1388 23.54edf 6.66bac 29.77edgef 1.00gth 170.6bac 2.20bac 3.20e 3.00feg 6.66cefd 2.16a 66.00bac
BO KO V1239 23.31ef 4.03gf 29.58edgf 2.00cb 114.0fg 1.80bc 4.30bedc 4.40bc 8.03cb 1.90a 47.33fdec
BO KO V282 23.18ef 4.15¢gf 29.80edgef 1.70cebd 64.67h 2.02bac 4.30bedc 3.53fbecd 7.03cebd 2.20a 47.67fdec
BO LA V181 23.13ef 4.69egdf 31.63ebdct 1.50cefd 203.30a 1.95be 5.33bac 3.53fbecd 6.93cebd 1.73ba 25.00f
BO SH V255 21.51egf 4.46egf 25.67gf 1.23geth 161.6bdc 1.84bc 4.36bedc 3.00feg 5.50ef 1.50bac 5.00fdec
BO KO V232 20.53gf 6.83ba 27.45egf 1.00gth 156.6edc 2.02bac 4.66bdc 3.50fbecd 6.83cefd 1.86a 53.33bdc
BO WA V191 15.88¢g 4.39%gf 21.65g 1.93cbd 152.3edc 1.87bc 3.66ed 4.53ba 8.50b 2.00a 26.67fe

LSl dals iz O 50 3T) Az 7 ‘5)LJ¢1=,~);)\;@Mgmmu‘gﬁ;ﬁgf@ymw}uﬁ,;%ﬁp

Means with similar letters in each column are not significantly different at the 1% probability level (Duncan's multiple reng test.
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Table 3. Factor analysis, variance percent and cumulative percent for four principal factors related to morphological traits in sour cherry

genotypes
Components Ll !5

5’ Characters olae 1 2 3 4
z Trunk diametr (W gy Joeo VL) b 0.625 0.620" 0.287 0.172-
?9 Trunk diametr (W Joeo 2 3) 45 b 0.529 0.544 0.399 0.295-
3 Tree height sy ¢ i 0.196 0.458 0.246- 0.179
o Shoot thickness LS s ls Calbs 0.406 0.348- 0.173 0.104
3 Internode length o Sl Jsb 0.079- 0.097 -0.769 0.192
4 Leaf length & sk 0.754" -0.468 0.013- 0.354
1 Leaf width G gy 0.531 -0.705"" 0.195 -0.123
3 Leaf length to width ratio & usS sk 0.120 0.313 -0.412 0.726"
2 Petiole length &8 s J s 0.8517 -0.273 -0.341 -0.061
3 Leaf length to petiole ratio &S a4 68 J b o -0.446 0.141 0.576" 0.521
7 Height of first branch Ly oo 5l 4 la sl oLl 0.384 0.562 0.188 0.295
- variance percent wblane s 25.86 20.40 14.61 10.98

Cumulative percent o (il g 25.86 46.26 60.87 71.86

**: Significant at 1% probability level. AR e 53 s me FF

Y¥#
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Fig. 1. Dendrogram of Iranian local genotypes of sour cherry and cv. Erdi Botermo
based on morphological data with Ward method

For name of genotypes see Table 1.
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Table 4. List of primers showing polymorphism on Iranian genotypes of sour cherry and cv. Erdi Botermo and their results
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Primer Sequence Polymorphic bands(b) Annealing temperature Total of bands Polymorphic % Primer Band range
o v (°c) (a) (ba)x100 PIC (bp)

MGW2T1 GAAGCGCGAT 1T 32 1T 100.0 0.58 500-2500
MGW 215 TCACACGTGC 11 30 14 78.5 0.91 200-3000
MGW 214 CATGTGCTTG 9 30 12 75.0 0.71 280-2700
MGW213 CAGCGAACTA 11 30 13 84.0 0.82 400-2100
MGW 289 ATCAAGCTGC 5 30 7 71.4 0.67 800-2800
MGW 285 GGGCGCCTAG 12 32 14 85.7 0.90 300-2000
OPB07 GGTGACGCAG 8 30 13 61.5 0.88 700-3000
TIBMBB17 ACACCGTGCC 11 30 11 100.0 0.89 280-2500
TIBMBE04 CCCAAGCGAA 8 32 10 80.0 0.76 500-2400
TIBMBBO03 TCACGTGGCT 8 32 10 80.0 0.87 300-2100
TIBMBBI13 CTTCGGTGTG 8 32 11 72.0 0.68 280-2300
17 CCTGGGCCTC 5 34 7 71.4 0.82 280-2000
MGWM12 GGGACATTAG 10 32 11 90.9 0.88 400-2600
Mean - 9 - 11.07 80.8 79.76 -

Total - 117 - 144 - - -
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Fig. 2. RAPD pattern amplified by primer MGW211 for 20 sour cherry genotypes

For name of genotypes see Table 1. 2wl o) Jsde 4 s 55 ol s
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Fig.3 . UPGMA dendrogram of Iranian local genotypes of sour cherry and cv.
Erdi Botermo based on RAPD primers
For name of genotypes see Table 1.

A}



WA Lo oY ojled YASY Al " 3 9 g (S0 54 dlsx”

o Pl o Laia 4558 -
I Ol Ol g e 5 sl OF 1 51 SLIT
Cils JLIT a5 g
o gl S Ol ST
o 5o ow,:wéuu;ﬁ»p;
C—lPrunus u > sse 4
¢«Ganj Moghadam and Khalighi, 2007)

4 4> ¢ L .(Webster and Looney,1996
A Sl 55 Ly el Cs 4 il
1 S sl LS o Sues 8 3 Ol
Sl 55 S S Se edasolis
e (Sl 5 538 Calidea (bl 5> JUIT
ol S am 55 Ulg n § sd g )
ol 03 45 ol ey kA Ol s JUT
3y9a Cio lab>de LB sluas tags
33 (o Al Ol g 0 238 15 U
a1y S5 5 J5Ssm 1 S5,
oS S (5o pe el i Sz s S
93 o bl LOTDNA JI§ 4 >
St (S5 £ 55 4 s> Ol pl 8550
A Olm3T sladkenl glacs 55 o
L 555 50 4SSl o)l 5525
S a0y 8 6 53 Olghol Ol 31 4 5
AS el OT Kl g yogn ool 8515
Ol dled (15 s JUT (S5 ¢ 5
A yddx e aS A e Ol s Sl i
NS Aol 55 S g5 S e Sk
IS ol st o i G 55
035 o5 55l 0 g Ol 53 #Osl il

abu.'.'_w‘ UJAAJJ"._!' w‘ c"b wl.w‘j ci,.w‘ lAQT

Yoy

ol Ol ey )l (5 53 (JsS 5e
Al ple Cle 4 a8 s ol s e
3y 050 Sl iolajT 5,50 Ol s
Slio LgS 5 55 oliis adly & S o5l
S-S sl 3550 4 5 ala 5y i,
obmwu\_a»u_?f..\_:;ﬁ,\ﬁ;
(Ganj Moghadam and Khalighi, 2007)
bl s ol (65T mazr Slaos 5
A el 355 05585 5m sla KoL
ol ;B3 511 (g5l mae gl 9 dSsls
55 S odalive U5 P 5y 90 Solino
J=d 5 5 Dl 5 s, 5o
ol S oS s dsb o5, o0 5 dob
Lesi 55 o 025 S o S o8
Edsm i & Azils a6l me S5l
DS 5 55355 Slidos =L
5y y3(Rodrigues et al., 2006)
Syl cile WS 5 JUIT clacos 55
s (Lisek et al., 2006) Ol ,LSs 5 ¢S
«(Cai et al, 2007) ol,LSes 5 LS
Al Sen 5 o
5 3,13 5 (Khadivikhob et al.,2009)

-;.L;ﬁul -~

Jfalm; ;5 (Gharouni et al., 2008) !, Kan
S5 05 02 8L RAPD (S S0
oslaul Cerasus > 5 Calises ‘_;Laquf
S35 Fo5 s ) S mls 5 L3S
Sy andlas 3y 50 S 85 e db>Ne L6
33 52 53 Olsles 55357 5 0 5 152,003
Oliul gloacs 45,8 s @ﬁ,,,\;;

Ly o ol Ol oo 10025 8 515 Olaws S



G 85 S 55

Asjcggﬂ,j&j,;w@uww 5 BO AH V1524 oSG 555 93 )
2 a5 by JUT clacs i) om VL Ol = IBO  GA V6442 5 =5l
Lio gy ) ) 588 55 3 pe diad ) (S5 BO KA V1239 5 65 33 355 o0 4o 55
Y T I e e e P E g Sy 5ok ws S 5IBO KA V284

g @ly dode Ll 5 oo S Ols5 or a5 s o) 5 (VL (gl

3,5 esliul (g3li5a g bask 5o Lo T
References

Cai, Y. T., Cao, D. W., and Zhao, G . F. 2007. Studies on genetic variation in
cherry germplasm using RAPD analysis. Scientia Horticulturae 111: 248-254.

Ganji Moghadam, E., and Khalighi, A. 2007. Relationship between
vigor of Iranian Prunus mahaleb L. selected dwarf rootstocks and
some morphological characters. Scientia Horticulturae 111: 209-212.

Gharouni, T., Zamani, Z. A., and Bouzari, N. 2008. Genetic diversity of Prunus
mahaleb using RAPD marker. MSc. Thesis, College of Agriculture, University of
Tehran, Karaj, Iran. 125 pp. (in Persian).

Jafari, M., Zamani, Z., and Fatahi Moghadam, M. 2007. Genetic diversity of
some sour cherry genotypes using RAPD and morphological markers. MSc.
Thesis, College of Agriculture, University of Tehran, Karaj, Iran. 125pp. (in
Persian).

Kavand, A., Bouzari, A., and Ghanavati, F. 2007. National guidelines for the
conduct of tests for distinictness, uniformity and stability in sour cherry. Seed and
Plant Certification and Registration Institute Press, Karaj, Iran. 39pp. (in Persian).

Khadivikhob, A., Zamani, Z., A., and Bouzari, N. 2009. Evaluation of genetic
diversity in some Iranian sweet cherry cultivars using some morphological

characteristics and RAPD marker. Seed and Plant 24: 195-209 (in Persian).

Lisek, A., Korbin, M., and Rozpara, E. 2006. Using simply generated RAPD markers

to distinguish between sweet cherry (Prunus avium L.) cultivars. Journal of Fruit and

Ornamental Plant Research 14: 53-54 59.

Moreno, J., and Trujillo, 1. 2005. Genetic characterization and relatedness among

cherry cultivars in a germplasm bank by randomly amplified polymorphic DNA
analysis. Agri. Cons. Science 70: 105-111.
Naghavi, M. R., Gareyazi, B., and Hosseini Salekdeh, B. 2005. Molecular Markers.

Yov



WA Lo oY ojled YASY Al " 3 9 g (S0 54 dlsx”

University of Tehran Press, Tehran, Iran. 334pp. (in Persian).

Rodrigues, L., Morales, C., Fernandes, A. J. B., and Ortiz, J. M. 2006. Morphological
characterization of sweet and sour cherry cultivars in a germplasm bank at Portugal.
Genetics Resources 17: 143-182.

Staub, J.E., Serquen, F.C., and Gupta, M. 1996. Genetic markers map constraction
and their application in plant breeding. Horticultural Science 31(5): 729-740.
Webster, A. D., and Looney, N. E. 1996. Cherries: Crop Physiology,

Production and Uses. Cambridge University Press. 513 pp.

Westman, A. L., and Kresovich, S. 1998. Biotechnology and plant genetic resources
of molecular marker techniques for description of plant genetic variation.
Biotechnology Advances 14: 9-49.

Williams, J. K., Kubelik, A. R., Livak, K. J., Rafalski, J. A., and Tingey, S. V.
1990. DNA polymorphisms amplified by arbitrary primers are useful as genetic
markers. Nucleic Acid Research 18: 7213-7218.

YOf






